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opening  remarks  at  the  second 
R.  E.  Dyer  lecture  by 
W.  H.  Sebrell,  Jr.,  M.  D. 
Director,  National  Institutes 
of  Health,  Public  Health  Service 

It  is  a  pleasure  to  welcome  you  to  the  second  R.  E.  Dyer 
lecture  and  to  serve  as  Chairman  for  this  occasion. 

On  behalf  of  the  lectureship  committee,  I  should  like  to- 
express  my  appreciation  to  Admiral  Groesbeck  for  his  kindness 
in  making  the  facilities  of  the  National  Naval  Medical  Center 
available  to  us,  inasmuch  as  we  have  no  auditorium  at  the 
National  Institutes  of  Health  large  enough  to  accommodate 
this  audience. 

As  you  know,  the  man  in  whose  honor  this  lectureship  has 
been  established  retired  as  Director  of  the  National  Institutes 
of  Health  just  two  years  ago.  When  it  was  learned  that  Dr. 
Dyer  was  to  leave  the  Public  Health  Service,  a  group  of  his 
friends  and  colleagues  established  a  lectureship  fund  in  tribute 
to  his  many  years  of  splendid  service  to  medical  science.  We 
are  happy  to  have  Dr.  Dyer  with  us  tonight.  He  has  asked 
that  he  not  be  requested  to  speak;  I  would  like,  however,  to 
ask  him,  if  he  will,  to  stand  for  a  moment  so  his  friends  may 
see  him. 

The  purpose  of  this  lectureship  is  to  recognize  outstanding 
research  achievement  in  the  medical  and  biological  sciences. 
Tonight's  lecturer  was  selected  from  a  panel  of  names  nominated 
by  a  committee  of  Dr.  Dyer's  friends  and  colleagues.  The  com- 
mittee has  consulted  many  persons  prominent  in  various  research 
fields,  among  others  the  presidents  of  the  several  professional 
societies  in  which  Dr.  Dyer  has  maintained  active  interest  for 
many  years. 
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Dr.  Lowell  T.  Coggeshall,  who  will  present  the  1952  Dyer 
lecturer  to  you,  scarcely  needs  introduction  to  an  audience  such 
as  this.  Dr.  Coggeshall  is  well  known  for  his  contributions 
to  the  advancement  of  knowledge  in  the  infectious  and  tropical 
diseases.  He  is  a  past  president  of  the  American  Society  of 
Tropical  Medicine,  and  during  the  last  war  he  served  with  the 
Office  of  Scientific  Research  and  Development  and  with  the 
Medical  Corps  of  the  United  States  Naval  Reserve.  In  the 
position  he  now  occupies  as  Dean  of  the  Division  of  Biological 
Sciences,  University  of  Chicago,  Dr.  Coggeshall  supplies  distin- 
guished leadership  in  medical  education  and  university  research. 

Dr.  Coggeshall  has  a  special  interest  in  the  Dyer  lectures,  hav- 
ing played  a  prominent  role,  along  with  Brig.  Gen.  James 
Stevens  Simmons,  in  establishing  the  lectureship.  So  it  is  most 
appropriate  that  Dr.  Coggeshall  introduce  the  speaker  of  the 
evening. 
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Introduction  of 
Sir  F.  Macfarlane  Burnet  by 
Dr.  L.  T.  Coggeshall^  Dean, 
Division  of  Biological  Sciences, 
University  of  Chicago 

It  is  a  great  privilege  to  present  the  second  recipient  of  the 
R.  E.  Dyer  lectureship,  Sir  F.  Macfarlane  Burnet,  Director  of 
the  Walter  and  Eliza  Hall  Institute  of  Medical  Research  in 
Melbourne,  Australia,  who  will  speak  to  us  this  evening  on 
The  Virus  and  the  Cell. 

Sir  Macfarlane  received  his  undergraduate  education  in  his 
native  country  and  obtained  his  M.  D.  degree  and  Ph.  D.  degree 
at  London  University.  After  serving  an  internship  in  Mel- 
bourne Hospital,  he  returned  to  London  where  he  was  Senior 
Resident  in  Pathology  and  later  the  Beit  Fellow  of  Medical 
Research  at  the  Lister  Institute.  He  became  the  Assistant  Direc- 
tor of  the  Walter  and  Eliza  Hall  Institute  of  Medical  Research 
in  Melbourne  in  1928  and  in  1943  was  appointed  Director,  a 
post  he  now  holds.  He  has  been  the  recipient  of  many  honors, 
one  of  the  most  recent  being  a  knighthood  conferred  upon  him 
in  1950.  He  received  the  Lasker  Award  this  year  for  ''funda- 
mentally modifying  our  knowledge  of  viruses  and  the  inherit- 
ance of  characteristics  by  viruses."  He  has  been  an  extremely 
active  and  versatile  investigator  since  his  student  days,  exhibit- 
ing a  high  degree  of  competence  in  elucidating  fundamental 
problems,  but  he  has  not  deigned  to  exploit  these  findings  of 
immediate  and  practical  importance.  His  work  on  the  epidemi- 
ology of  psittacosis  is  a  classic  example  of  how  the  disease 
occurred  in  an  animal  host,  the  wild  parrot,  and  under  what 
conditions  it  served  as  a  mechanism  for  limiting  bird  popula- 
tions.   On  the  other  hand,  it  was  he  who  recognized  the  im- 
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portance  of  the  findings  of  Goodpasture  on  the  growth  of  vac- 
cinia in  the  chick  embyro,  and  he  was  primarily  responsible 
for  the  development  and  acceptance  of  this  technique  as  a  prac- 
tical tool  for  studies  on  virus  multiplication.  His  studies  on  the 
bacteriophage  are  examples  of  scholarly  research  and  were  foun- 
dations upon  which  many  of  the  more  recent  studies  have  been 
based. 

As  this  audience  well  knows,  he  was  the  one  who  established 
the  nature  of  the  disease  now  known  as  Q  fever,  and  in  recog- 
nition of  this  achievement,  which  he  shared  with  Dr.  Herald 
Cox,  the  organism  identified  as  the  Q  fever  rickettsia  was  named 
Coxiella  burnetii  in  their  honor.  His  studies  on  influenza  and 
poliomyelitis,  particularly  as  they  concerned  the  character  of  the 
virus,  biological  principles  involved,  and  the  mechanisms  under 
which  they  operate,  have  given  a  basic  clarification  of  the  entire 
problem  of  virus  behavior  and  their  spread  in  man.  Although 
it  was  Hirst  who  observed  the  hemagglutination  reaction  with 
the  influenza  virus,  it  was  Burnet  who  was  responsible  for  the 
establishment  of  its  enzyme  concept  and  its  precise  nature. 

In  my  opinion  it  is  incorrect  to  refer  to  Sir  Macfarlane  as  a 
virologist,  a  bacteriologist,  or  any  other  such  restrictive  term, 
in  spite  of  the  fact  that  his  accomplishments  in  any  one  of  these 
fields  would  more  than  qualify  him  to  be  considered  as  an 
authority.  Rather,  I  prefer  to  think  of  him  as  a  biologist  who 
takes  a  broad  view  of  host-parasite  relationships  and  who  uses 
a  variety  of  pathogenic  organisms  as  a  means  of  understanding 
the  mechanisms  involved  in  their  action.  The  many  accom- 
plishments which  have  resulted  from  his  deep  penetration  in 
the  field  of  infectious  disease  more  than  qualify  him  as  the 
second  R.  E.  Dyer  lecturer,  honoring  the  distinguished  record 
of  the  man  for  whom  the  lectureship  was  named. 
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The  Virus  and  the  Cell 


Sir  F.  Macfarlane  Burnet,  F.R.S. 

Director,  Walter  and  Eliza  Hall  Institute  of  Medical  Research, 
Melbourne,  Australia 

I  very  greatly  appreciate  the  honor  you  have  done  me  in 
inviting  me  to  give  the  second  R.  E.  Dyer  lecture,  and  hope 
that  I  may  take  it  that  this  occasion  is  in  some  sense  an  expression 
of  your  interest  in  the  work  that  has  been  done  in  Australia  in 
the  general  field  of  infectious  disease.  For  me  it  is  an  oppor- 
tunity to  express  my  appreciation  of  the  good  will  and  assist- 
ance that  we  have  received  from  American  workers  since  the 
day  I  first  sent  Dr.  Dyer  a  culture  of  the  Q  fever  rickettsia. 
Rightly  or  wrongly  I  feel  that  work  initiated  by  Dr.  Dyer  in 
establishing  the  identity  of  Australian  Q  fever  and  the  infection 
found  in  Montana  ticks  by  Cox  and  Davis  opened  up  a  channel 
of  friendly  communication  with  Australia  which  has  never 
since  ceased  to  function.  Dr.  Dyer  has  many  greater  claims 
to  being  remembered  than  this,  but  I  hope  that  I  may  be  for- 
given for  thinking  that  American  recognition  of  the  Australian 
work  on  Q  fever  marked  an  important  step  in  our  scientific 
development.  It  is  with  very  special  pleasure  therefore  that  I 
take  the  opportunity  of  this  lecture  to  pay  tribute  to  the  work 
and  personality  of  Dr.  Dyer. 

It  is  one  of  the  fascinations  of  our  trade  as  microbiologists 
concerned  with  infectious  disease  in  man  that  we  must  look 
almost  simultaneously  at  two  different  universes.  We  look  out 
of  the  window  as  it  were  at  the  ecological  problems  in  the  field, 
at  the  sort  of  problems  presented  especially  by  the  rickettsial 
diseases  but  almost  equally  by  every  virus  disease  at  which  we 
are  willing  to  look  closely  enough.  And  we  turn  into  the 
laboratory  to  study  the  micro-organism  of  disease  in  itself,  or 
in  the  case  of  the  viruses  which  as  it  v/ere  have  no  self-subsistent 
being,  the  interaction  of  the  virus  and  the  cell  it  parasitizes. 
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Most  of  the  answers  to  the  practical  problems  of  disease  must 
be  sought  outside  at  the  macroscopic  level,  but  if  we  feel  an 
interest  in  watching  and  assisting  in  today's  quest  for  an  under- 
standing of  the  functioning  of  the  cell — we  can  find  some 
important  approaches  at  the  microscopic  level. 

My  main  interest  in  the  virus  field  for  the  ten  years  between 
1925  and  1935  was  concerned  with  the  bacteriophages — nowa- 
days the  bacterial  viruses.  Even  in  1935  it  was  evident  that  the 
ease  of  handling  these  viruses  and  their  hosts  in  the  laboratory 
would  allow  a  relatively  detailed  knowledge  to  be  obtained 
of  the  interaction  between  the  virus  and  the  host  bacterial  cell. 
With  the  development  of  the  modern  phase  of  bacterial  virus 
work,  which  can  be  dated  from  Delbriick's  papers  in  1942, 
detailed  and  penetrating  studies  have  progressively  shed  more 
and  more  light  on  the  processes  involved.  And  like  every  com- 
petent attack  on  a  biological  subject,  the  main  result  has  been 
to  present  and  clarify  the  nature  of  problems  rather  than  to 
solve  them.  This  is  not  the  place  to  give  an  account  of  the 
technical  aspects  of  work  on  these  problems,  and  I  am  referring 
to  bacteriophages  only  because  the  work  on  viruses  pathogenic 
for  man  and  other  vetebrates,  the  animal  viruses,  has  followed 
so  closely  the  trail  blazed  by  those  working  on  the  bacterial 
viruses. 

In  the  very  broadest  terms,  the  process  by  which  bacterial 
viruses  infect  and  multiply  within  a  susceptible  bacterial  host 
may  be  summarized  as  follows: 

1.  Specific  attachment  to  the  surface,  a  process  in  which  both  the  ions 
of  the  suspending  fluid  and  specific  pattern  relationships  between 
chemical  structures  on  the  virus  and  on  the  bacterial  surface  play 
a  part. 

2.  The  entry  of  at  least  the  genetically  significant  part  of  the  virus 
into  the  bacterial  substance  and  with  this  the  disappearance  of  the 
virus  as  a  detectable  unit. 

3.  An  eclipse  phase  in  which  morphological  and  chemical  changes 
suggest  that  although  the  virus  is  undetectable  it  has  switched  the 
metabolic  processes  of  the  bacterium  in  an  entirely  different  direc- 
tion. Instead  of  growing,  that  is  increasing  its  own  substance,  the 
bacterium  is  now  providing  the  building  blocks  and  the  energy 
for  the  production  of  new  virus. 

4.  New  virus  begins  to  appear  and  rapidly  increases  in  amount  until 
at  a  certain  point  the  bacterium  suddenly  bursts  releasing  a  brood 
of  fifty  to  five  hundred  descendant  virus  particles. 
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One  of  the  most  interesting  results  of  bacterial  virus  study  has 
been  the  demonstration  that  a  primitive  form  of  hybridization 
can  occur  when  tv»  o  related  but  easily  distinguishable  viruses 
infect  a  single  bacterium  simultaneously.  This,  taken  along 
with  other  lines  of  evidence,  shows  that  the  virus  is  multiplying 
by  some  process  other  than  binary  fission. 

That  outline  of  bacterial  virus  multiplication  could  be  elab- 
orated indefinitely,  but  I  am  concerned  primarily  with  animal 
viruses  and  particularly  with  the  influenza  viruses.  I  was  at 
Hampstead  in  1933  when  Smith,  Andrewes,  and  Laidlaw  first 
isolated  an  influenza  virus;  and  in  1935  I  commenced  work  on 
a  strain  of  influenza  A  virus  isolated  in  Melbourne.  That 
virtually  divided  my  laboratory  v/ork  into  two  periods,  1925- 
1935  when  bacteriophages  were  the  center  of  interest,  and  1935 
to  the  present  with  influenza  virus  as  the  dominant  theme.  As 
I  have  already  hinted,  if  there  is  one  overall  impression  from 
that  twenty-seven  years'  v/ork  it  is  the  extraordinary  basic  simi- 
larity between  the  action  of  a  bacterial  virus  on  a  coliform 
bacillus  and  the  action  of  the  influenza  virus  on  the  cells  of  the 
human  respiratory  tract  or  those  of  the  various  laboratory  ani- 
mals that  we  use  for  its  study.  It  is  in  line  with  the  picture 
emerging  from  biochemical  genetics,  as  described  by  Beadle 
in  the  last  Dyer  lecture,  of  the  fundamental  identity  of  bio- 
chemical processes  from  bacteria  and  molds  to  man. 

For  the  rest  of  this  lectiu-e  I  shall  be  concerned  with  the  inter- 
action of  influenza  virus  with  the  cell  it  parasitizes.  I  shall  use 
very  largely  the  results  and  points  of  view  of  the  group  of 
workers  with  which  I  am  associated  in  Melbourne,  although 
I  am  well  aware  that  there  are  at  least  another  dozen  centers 
where  work  of  comparable  quality  on  this  theme  is  going  on.  I 
have  found  difficulty  at  many  points  in  deciding  which  phases 
of  our  work  to  emphasize  and  v/hich  disciplines  involved  would 
interest  you,  but  this  is  a  difficulty  inherent  in  all  scientific 
lectures  and  I  hope  you  will  make  appropriate  allowances. 

The  story  starts  with  the  emergence  in  1940-41  of  two  tech- 
nical methods  of  handling  influenza  virus — growth  of  the  virus 
in  the  cells  lining  the  amniotic  and  allantoic  cavities  of  the  chick 
embryo  and  that  completely  unexpected  discovery  that  influ- 
enza virus  in  sufficient  concentration  would  agglutinate  various 
types  of  red  blood  cells.    Hemagglutination  by  influenza  virvis 
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had  obviously  important  appli^^ations,  and  Hirst  provided  a 
series  of  masterly  contributions  w^hich  blocked  out  all  the  main 
lines  of  subsequent  development.  Probably  the  most  important 
of  Hirst's  observations  was  his  finding  that  the  essential  phe- 
nomenon seen  v^ith  red  cell  suspensions  could  also  be  observed 
with  the  excised  ferret  lung  preparation.  This  led  directly  to 
the  recognition  that  the  interaction  of  virus  and  red  cell  surface 
was  strictly  analogous  to  the  first  stage  of  infection  of  the 
susceptible  host  cell. 

Almost  equally  important  was  the  provision  of  greatly  simpli- 
fied methods  of  titrating  and  characterizing  influenza  viruses 
that  could  be  elaborated  around  an  adequate  supply  of  chick 
embryos,  red  cells,  and  test  tubes.  Infected  allantoic  fluid  pro- 
vided a  source  of  virus  of  a  convenience  quite  unmatched  in  any 
previous  type  of  virus  work,  and  hemagglutination  an  equally 
convenient  means  for  the  detection  and  titration  of  the  virus. 
With  a  little  ingenuity  one  can  nearly  always  arrange  that  the 
experimental  study  of  any  aspect  of  influenza  virus  shall  end 
in  a  series  of  readings  of  hemagglutinin  titrations. 

In  speaking  of  virus-cell  interaction,  I  am  primarily  concerned 
with  what  has  been  found  about  the  interaction  between  influ- 
enza virus  and  the  infectible  cells  lining  the  allantoic  cavity  of 
the  chick  embryo.  This  is  admittedly  a  long  way  from  human 
influenza,  yet  we  can  have  enough  faith  in  the  general  uniform- 
ity of  living  processes  to  feel  certain  that  what  we  find  out  for 
the  allantoic  cell  will  be  basically  true  for  any  cell  that  the  virus 
can  infect.  If  one  inoculates  a  minimal  infecting  dose  of  an 
active  influenza  virus  into  the  allantoic  cavity  and  incubates  the 
egg  for  another  forty  hours,  fluid  withdrawn  then  from  the 
allantoic  cavity  contains  very  large  amounts  of  virus.  It  will 
agglutinate  chicken  cells  when  diluted  1:1000  and  will  have 
an  I.  D.50  of  10  when  tested  by  serial  dilution  in  the  allantoic 
cavities  of  another  set  of  chick  embryos. 

Analysis  of  the  process  by  many  authors,  notably  the  Henles, 
von  Magnus,  Cairns,  and  Fazekas,  allows  a  fairly  clear  factual 
account  to  be  presented. 

Virus  introduced  into  the  cavity  is  taken  up  by  the  living  cells 
rather  slowly — one  usually  finds  that  only  about  50  percent  of 
the  virus  has  been  removed  from  the  fluid  before  new  formation 
of  virus  begins.  When  a  virus  particle  is  adsorbed  to  the  cell 
surface  it  can  still  be  detached  and  demonstrated  for  a  short 
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period.  Then  it  vanishes  in  the  sense  that  the  only  way  its 
existence  can  be  established  is  to  allow  its  development  in  the 
cell  that  has  been  infected.  Disruption  of  the  cell  does  not 
release  anything  that  can  infect  another  cell.  The  situation  is 
essentially  similar  to  that  observed  with  bacterial  viruses,  but 
there  is  a  longer  delay  before  virus  is  liberated.  Instead  of 
about  thirty  to  forty  minutes  as  with  most  bacterial  viruses 
there  is  a  latent  period  ranging  from  four  to  ten  hours,  accord- 
ing to  circumstances,  before  new  virus  is  released  from  the  cells 
into  the  allantoic  fluid.  The  infected  cells  do  not  burst  and 
suddenly  liberate  the  whole  of  their  contained  virus.  In  an 
ingenious  experiment  Cairns  has  found  that  a  single  infected 
cell  gives  rise  to  approximately  sixty  particles  which  are  liber- 
ated over  a  period  of  three  hours  in  the  first  cycle  of  virus  libera- 
tion. The  findings  of  other  authors  are  consistent  with  a  first- 
cycle  liberation  from  infected  cells  of  this  order.  Where  a  small 
inoculum  is  given,  the  virus  liberated  at  the  first  cycle,  that  is, 
within  four  to  eight  hours  after  infection,  is  available  for  infec- 
tion of  a  new  set  of  cells  and  the  process  continues  until  all  have 
been  infected  and  most  of  them  have  contributed  virus  to  the 
fluid. 

Studies  of  the  cells  in  which  virus  is  multiplying,  by  removal 
and  treatment  of  the  membranes  at  varying  times  after  inocula- 
tion, shows  that  infective  virus  begins  to  appear  in  about  four 
hours  but  some  other  manifestations  of  virus  activity,  the  soluble 
complement-fixing  antigen  and  hemagglutinin  may  appear 
earlier. 

In  summary  we  have: 

1.  Adsorption  to  the  cell  surface  at  first  reversible  then  definitive. 

2.  Entry  of  the  virus  into  the  cell  and  its  disappearance  as  an 
infectivity  entity. 

3.  An  eclipse  phase  towards  the  end  of  which  manifestations  of 
virus  activity,  hemagglutinin,  and  complement-fixing  antigen 
appear  a  little  before  infective  virus. 

4.  The  gradual  accumulation  of  new  virus  and  its  progressive  libera- 
tion into  the  fluid  without,  in  this  stage  at  least,  any  gross 
morphological  damage  to  the  cell. 

At  the  fundamental  level  our  task  is  to  formulate  the  mecha- 
nisms concerned  in  each  of  these  processes  at  progressively 
deeper  levels  of  understanding.  It  is  quite  certain,  I  should  say, 
that  we  shall  never  reach  the  stage  in  any  biological  problem  of 
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providing  a  rigid  physico-chemical  formulation.  All  we  can 
hope  for  is  a  progressive  approach  to  the  unattainable  ideal.  At 
many  points  it  may  be  impossible  even  to  approach  the  physico- 
chemical  level  and  we  may  have  to  be  content  with  expressions 
of  relationships  of  the  type  that  are  current  in  genetics  and 
immunolo^'y.  Let  us  try  to  review  briefly  what  progress  has 
been  made  in  the  understanding  of  each  phase  of  the  process 
that  we  have  outlined. 

The  interaction  of  virus  and  cell  surface 

This  has  been  the  central  activity  of  many  of  my  colleagues 
over  the  past  five  or  six  years.  It  has  recently  been  reviewed, 
and  I  shall  only  state  our  conclusions  in  rather  dogmatic  fashion. 
The  adsorption  of  virus  to  cell  surface,  whether  of  the  sus- 
ceptible cell  or  of  the  erythrocyte,  is  mediated  by  specific  chem- 
ical groupings  on  both  sides.  Scattered  over  the  virus  surface 
are  enzymically  active  groups,  the  enzymes  being  isodynamic 
one  with  another  and  with  the  soluble  enzyme  that  we  prepared 
from  cholera  vibrio  filtrates  and  called  RDE  (receptor-destroying 
enzyme).  From  one  virus  to  another  they  may  differ  in  regard 
to  the  groups  immediately  adjacent  to  the  enzyme  patches  with 
corresponding  minor  specificities  in  their  reactions  with  cellular 
or  soluble  substrate.  The  cell  carries  on  its  surface  a  loose 
mesh  of  mucoprotein;  scattered  along  the  macromolecules  there 
are  "prosthetic  groups"  of  complex  small-polysaccharide  char- 
acter containing  mannose,  galactose,  fucose,  and  probably  both 
glucosamine  and  chondrosamine.  The  exact  configuration  of 
the  substrate  for  the  virus  enzyme  or  RDE  is  not  yet  known, 
though  I  am  hopeful  that  Dr.  Gottschalk's  current  work  may 
lead  fairly  soon  to  that  objective. 

Many  soluble  mucoproteins  or  mucopolysaccharides  can  serve 
as  substrates  for  the  enzyme  of  the  influenza  viruses,  and  when 
the  enzyme  has  been  inactivated  by  heat  without  much  damage 
to  its  capacity  of  adsorptive  union  with  the  substrate,  these 
soluble  mucoproteins  are  potent  inhibitors  of  hemagglutination. 
A  great  deal  of  work  has  been  done  with  these,  particularly 
with  the  electrophoretically  pure  mucoprotein  isolated  from 
urine  by  Tamm  and  Horsfall.  Here  I  only  wish  to  draw  atten- 
tion to  that  characteristic  of  influenza  viruses  by  which,  on 
appropriate  heating,  they  take  on  what  we  call  the  ''indicator 
state,"  that  is,  they  can  then  be  used  to  indicate  the  presence 
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and  amount  of  some  or  all  of  the  inhibitor-substrate  muco- 
proteins. 

Virus  cell  union  is  dependent  on  the  presence  of  ions,  and  the 
limited  experiments  that  we  have  carried  out  suggest  strongly 
that  the  situation  is  analogous  to  that  analyzed  by  Puck  and 
collaborators  for  the  bacterial  viruses.  Initial  adsorption  is 
mediated  by  electrostatic  attraction  due  to  ions  specifically  held 
in  relation  to  the  mutually  adsorptive  units  on  virus  or  cell 
surface.  This  is  followed  by  mutual  orientation  of  the  reacting 
groups  bringing  van  der  Waal's  forces  into  play  and  allowing 
either  enzymic  action  or  chemical  union  to  develop. 

Perhaps  the  most  striking  evidence  of  the  importance  of  the 
cell  receptor  mechanism  is  given  by  Stone's  experiments  on  the 
protection  of  chick  embryos  and  mice  against  infection  by  pre- 
treatment  of  the  susceptible  cells  with  RDE.  The  temporary 
removal  of  surface  receptors  renders  the  cells  insusceptible  to 
attack.  There  is,  however,  a  continuous  replacement  of  surface 
material,  and  the  method  has  no  practical  application. 

The  eclipse  phase 

From  the  very  nature  of  the  phenomenon  we  can  have  very 
little  to  say  about  what  happens  after  entry  of  the  virus  into  the 
cell.  For  two  hours  after  infection  no  abnormality  whatever 
can  be  detected,  and  any  interpretation  of  the  situation  must  be 
based  essentially  on  the  sequence  of  appearance  of  specific  prod- 
ucts of  virus  action:  complement-fixing  antigen,  hemagglutinin, 
infective  virus. 

There  is  still  some  controversy  over  the  facts,  but  if  we  have 
due  regard  to  the  concentrations  of  the  three  products  which 
are  experimentally  detectable  in  terms  of  the  amount  present  in 
an  average  infective  fluid,  the  evidence  suggests  to  me  that  the 
order  of  appearance  is  complement-fixing  antigen,  hemagglu- 
tinin, infective  virus. 

Probably  all  we  can  say  with  certainty  is  that  the  new  brood 
of  virus  does  not  flash  instantaneously  into  being.  It  is  pro- 
duced over  a  period  of  a  few  hours,  and  we  have  to  recognize 
the  probability  that  at  any  one  time  disintegration  of  the  in- 
fected cells  will  provide  a  mixture  of  units  of  various  types. 
These  will  include,  in  the  later  stages,  fully  infective  virus 
particles  with  all  the  characters  of  the  typical  virus.  There  is 
in  addition  strong  evidence  for  the  existence  of  "incomplete" 
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virus — virus  particles  somewhat  smaller  than  standard  which 
have  all  the  hemaggliitinating  and  enzymic  activity  to  be  ex- 
pected, but  lack  power  to  initiate  infection.  Further  we  may 
well  expect  to  find  bj^products  and  fragments  detectable  by 
some  in  vitro  test  but  not  taking  the  form  of  the  virus,  and 
quite  noninfective. 

The  genetic  approach 

The  existence  of  the  eclipse  phase  virtually  excludes  the  pos- 
sibility of  multiplication  taking  place  by  simple  binary  fission. 
The  available  alternatives  all  take  the  form  of  a  conversion  to  a 
noninfective  form  capable  of  making  use  of  the  synthetic  mecha- 
nisms of  the  cell  for  the  production  of  further  virus  material. 
A  spherical  object  has  a  minimum  of  surface  area  with  which  to 
contact  molecular,  macromolecular,  or  particulate  cell  compo- 
nents for  such  a  purpose.  A  priori  it  would  seem  probable  that 
in  the  host  cell  the  essential  genetic  material  of  the  virus  would 
take  on  a  form  with  a  much  greater  available  reactive  area. 
This  might  be  a  two-dimensional  sheet  or  by  analogy  with 
chromosomal  behavior  the  genetic  apparatus  might  take  the 
form  of  a  linear  thread  analogous  to  the  chromonema.  Finally 
we  have  the  possibility  that  the  genetic  apparatus  disperses  into 
discrete  genes  which,  as  it  were,  seek  out  appropriate  cell  units 
in  association  with  which  they  can  find  conditions  suitable  for 
multiplication. 

Morphological  evidence  has  so  far  offered  no  particular  help, 
unless  we  care  to  speculate  on  the  possibility  that  the  filamentous 
forms  of  the  influenza  virus  have  a  remote  analogy  to  the  giant 
salivary  chromosomes  of  dipterous  larvae  and  represent  the 
virus  units  constructed  by  persistingly  linear  chromonemas. 

Genetic  evidence  may  eventvially  provide  the  most  important 
approach  to  an  interpretation,  and  I  should  like  to  take  this 
opportunity  to  give  a  brief  account  of  our  recent  work  on  recom- 
bination between  two  influenza  virus  strains  insofar  as  it  bears 
on  the  general  problem. 

The  possibility  of  genetic  work  with  bacterial  viruses  is  now 
well  recognized,  and  the  principles  involved  are  readily  appli- 
cable to  influenza  viruses  though  their  application  is  a  little 
more  complicated.  The  first  requirement  is  a  pair  of  virus 
strains  not  too  remotely  related  to  one  another.    We  have  evi- 
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dence  not  yet  quite  convincing  that  recombination  of  genetic 
characters  is  possible  only  within  the  species  between  two  A 
strains  or  two  B  strains  but  not  between  an  A  and  a  B  strain. 
The  two  strains  must  be  distinguishable  in  at  least  two  well- 
defined  characters.  We  have  used,  for  instance,  two  influenza 
A  strains,  MEL  and  WSE,  which  can  be  differentiated  by  six 
characters.    These  characters  may  be  enumerated  to  indicate 
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Diagram  of  recombination  experiment  using  the  influenza  A  strains 
MEL  and  WSE. 

Figures  indicate  the  number  of  strains  of  each  type  isolated  from  the 
"first-cycle  fluid." 

the  type  of  "genetic  marker"  that  is  available  in  this  type  of 
work. 

Aa.  There  is  a  sharp  serological  difference  most  conveniently  deter- 
mined by  antihemagglutinin  tests  with  immune  ferret  sera  but  also 
evident  in  neutralization  tests  in  eggs. 

Bb.  The  MEL  hemagglutinin  resists  heating  to  60°  while  WSE  is 
completely  destroyed. 

Cc.  On  heating  WSE  at  55°  its  enzymic  activity  is  destroyed  and  its 
hemagglutinin  is  inhibited  to  high  titer  by  standard  mucoprotein  inhib- 
itors.   MEL  hemagglutinin  remains  insensitive. 

Dd.  A  similar  difference  exists  in  regard  to  inhibition  by  another 
mucoid  inhibitor  from  sheep  salivary  glands.  This  fails  completely 
to  act  on  MEL  virus  no  matter  how  the  virus  is  treated.  It  inhibits 
heated  WSE  virus  readily. 

Ec.  If  inoculated  on  the  chorio-allantois,  WSE  invades  the  embryo 
and  causes  gross  hemorrhagic  lesions  in  brain,  muscle,  and  other  organs. 
MEL  may  kill  the  embryo,  but  never  produces  hemorrhagic  lesions. 
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Ff .  In  mice,  WSE  produces  much  more  severe  lung  lesions  than  MEL. 
A  standard  dose  of  one  agglutinating  unit  of  WSE  gives  complete 
consolidation  of  the  lung  and  death  in  three  to  five  days;  a  similar  dose 
of  MEL  produces  1  plus  or  2  plus  lesions  with  survival  at  seven  days. 
In  the  figure,  the  qualities  of  the  two  viruses  are  shov/n  diagrammatically, 
MEL  being  given  the  symbols  ABCDEF  and  WSE  abcdef. 

Previous  work  with  a  neurotropic  influenza  virus  strain 
neuro-WS  had  shown  that  recombination  of  characters  was  pos- 
sible, but  in  the  recent  experiments  we  have  used  a  more  logical 
technique  which  is  basically  similar  to  that  used  in  bacterial 
virus  work.  The  principles  were  :  (1)  to  give  a  large  enough 
dose  of  the  two  viruses  to  ensure  that  every  cell  should  be  in- 
fected by  several  particles  of  each  virus;  (2)  to  remove  all  virus 
which  had  not  entered  cells  from  the  cavity  before  liberation  of 
new  virus  occurred;  (3)  to  collect  only  virus  liberated  in  the 
first  cycle  of  infection.  In  this  way  we  obtain  or  hope  to 
obtain  the  whole  product  of  virus  from  multiply  infected  cells 
without  significant  mixtures  with  the  original  inoculum.  By 
doing  so  we  eliminate  also  any  process  of  competitive  selection 
for  survival  in  subsequent  generations.  The  only  struggle  for 
survival  is  within  the  multiply  infected  cell. 

The  technique  actually  used  depends  on  the  fact  that  it  is 
easy  to  remove  and  replace  the  contents  of  the  allantoic  cavity 
at  will.  We  remove  the  normal  allantoic  fluid  and  replace  with 
5  ml.  of  mixed  undiluted  virus  fluids  as  inoculum.  An  hour 
later  receptors  on  the  cells  are  removed  with  RDE  acting  for 
one  hour.  The  cavity  is  then  washed  out  four  times  with 
warm  Ringer's  solution  and  then  left  at  35°.  From  five  hours 
onward  half-hourly  hemagglutinin  titrations  are  made  and  as 
soon  as  a  definite  rise  is  observed,  usually  between  six  and  seven 
hours,  the  fluid  is  harvested. 

This  fluid  is  analyzed  by  titration  in  chick  embryos  using 
large  numbers  of  eggs  around  and  just  beyond  the  50  percent 
infectivity  end  point.  This  is  simply  an  application  to  virus 
technique  of  the  oldest  method — due  in  the  first  instance  to 
Lister — of  isolating  pure  cultures  of  bacteria.  Each  positive 
fluid  is  then  tested  for  the  characters  used  as  genetic  markers. 

In  the  case  of  MEL-WSE  experiments,  the  most  comprehen- 
sive of  which  is  shown  diagrammatically  in  the  figure,  the 
fluids  were  tested  for  three  key  characters,  Aa,  Cc,  and  Dd  in 
vitro  and  all  those  showing  a  combination  other  than  those  of 
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the  original  viruses  re-isolated  from  limiting  infective  dilution 
and  checked  for  all  six  characters.  In  this  experiment  four 
types  were  obtained,  the  two  originals  MEL,  with  the  formula 
ABCDEF,  and  WSE,  abcdef ,  and  two  reciprocally  related  recom- 
binations ABcDeF  and  abCdEf.  These  characters  bred  true  in 
most  instances  on  repeated  re-isolation  at  limiting  infective 
dilutions.  Some  partial  exceptions  need  not  be  considered 
here. 

I  have  described  this  type  of  experiment  in  a  good  deal  of 
detail  because  I  think  that  it  has  some  important  implications. 
In  a  sense  it  tells  us  nothing  more  about  the  nature  of  virus 
multiplication  in  the  cell  than  was  already  known  from  the 
work  on  bacterial  viruses.  But  even  so  the  very  fact  that  influ- 
enza viruses  behave  so  similarly  will  add  importance  to  the 
studies  being  made  on  bacterial  viruses.  In  some  ways  the 
influenza  virus  system  has  advantages  over  the  bacterial  virus. 
I  doubt  whether  any  pair  of  bacterial  viruses  available  for 
recombination  studies  has  six  such  well-marked  points  of 
difference  as  those  which  we  have  used. 

The  important  features  of  our  results  are  (1)  that  the  new 
forms  appear  in  numbers  of  the  same  order  as  the  parent  forms. 
There  is  no  possibility  of  their  being  simple  mutants,  some 
form  of  genetic  interaction  between  the  tv/o  original  types  has 
clearly  occurred;  (2)  the  new  forms  appear  in  two  reciprocal 
patterns  in  which  two  factors  appear  to  be  transferable  while 
four  are  inseparable. 

It  would  be  premature  to  attempt  any  detailed  interpretation, 
but  at  least  it  is  clear  that  the  intracellular  multiplication  of 
viruses  cannot  be  regarded  as  simply  a  matter  of  binary  fission 
plus  the  occasional  appearance  of  a  mutant  form.  Multiplying 
genetic  mechanisms  can  in  some  way  interact  to  give  recombi- 
nation of  qualities  in  some  of  the  descendants.  Perhaps  the 
simplest  interpretation  is  that  of  all  the  possible  recombinations 
of  the  genes  responsible  for  the  six  differences  between  the  two 
''parents,"  only  four  give  rise  to  viable  phenotypes.  I  have 
already  mentioned  the  existence  of  "incomplete"  virus  recog- 
nizable by  hemagglutination  but  not  capable  of  initiating 
infection.  There  is  much  incomplete  virus  in  our  first-cycle 
fluids,  and  included  therein  we  may  have  many  nonviable  ex- 
amples of  the  forty-eight  other  possible  rearrangements  of 


15 


characters.  Unfortunately  there  seems  to  be  no  way  of  proving 
or  disproving  that  hypothesis. 

The  actual  nature  of  the  genetic  interaction  is  unknown, 
whether  by  formation  of  a  diploid  form  within  which  segrega- 
tion occurs,  by  some  form  of  cross-over  between  free  threads 
of  genes  arranged  in  linear  order,  by  resorting  from  a  pool  of 
independently  multiplying  genes,  or  by  reciprocal  transfer  of 
units  analogous  to  the  pneumococcal  transforming  principle. 
All  may  eventually  need  consideration. 

Hist o chemical  changes  in  the  infected  cell 

In  the  early  stages  of  the  experimental  study  of  virus  infection 
much  attention  was  paid  to  inclusion  bodies  in  cytoplasm  or 
nucleus.  In  more  recent  years  the  emphasis  has  tended  to  move 
away  from  this  aspect  with  the  realization  that  at  least  the  initial 
stage  of  virus  multiplication  and  liberation  was  usually  com- 
pleted before  any  histological  evidence  of  damage  could  be 
recognized. 

In  the  case  of  influenza  virus  infection  of  the  allantoic  mem- 
brane this  appears  to  be  definitely  so.  In  Melbourne,  my  col- 
league, W.  E.  Bate,  has  made  some  extensive  studies,  as  yet 
unpublished,  on  the  appearances  seen  in  preparations  of  the 
thin,  almost  single  layer  of  allantoic  cells  that  overlies  the  yolk 
sac.  If  this  membrane  is  stained  with  Unna-Pappenheim  and 
mounted  as  a  flat  preparation,  excellent  detail  can  be  observed 
in  large  numbers  of  cells.  Eight  or  ten  hours  after  a  heavy 
infection  the  most  that  can  be  observed  is  a  slight  increase  in 
pyronin  staining  of  the  cytoplasm,  suggesting  some  increase  in 
its  ribonucleic  acid  content.  There  is  no  evidence  of  gross 
damage  or  of  desquamation  of  cells  from  the  membrane,  al- 
though with  a  heavy  initial  infection  most  of  the  virus  libera- 
tion has  already  taken  place.  At  later  stages  and  particularly 
around  forty  hours  after  infection,  there  are  striking  changes 
to  be  seen  in  many  cells.  The  pyronin-staining  material  tends 
to  become  more  and  more  evident  and  eventually  may  appear 
as  rather  massive  lumps  lying  immediately  against  the  nucleus. 
Many  nuclei  show  gross  disintegration  with  rounded  chromatin 
masses  stained  with  methyl  green.  The  picture  suggests  rather 
strongly  that  multiplication  of  the  virus  is  closely  related  to 
processes  in  which  ribonucleic  acid  is  deeply  concerned  but  that 
actual  damage  to  the  cell  is  in  some  way  a  secondary  and  not  a 
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necessary  result  of  influenza  virus  infection.  This  is  in  line 
with  the  view  recently  put  forward  by  Guye  and  Bang  as  a 
result  of  their  work  with  Western  equine  encephalomyelitis 
virus  in  tissue  culture.  One  incidental  feature  of  Bate's  work 
is  perhaps  worth  mentioning.  In  association  with  Fazekas,  he 
carried  out  a  parallel  histological  study  of  experimental  influ- 
enza in  the  mouse  and  prepared  sections  from  each  mouse  includ- 
ing trachea,  lungs,  and  thoracic  lymph  nodes.  As  in  the  al- 
lantoic membrane,  the  most  striking  change  in  infected  bron- 
chial epithelium  was  an  intensified  pyronin  staining  of  the 
cytoplasm.  The  associated  lymph  nodes  were  enlarged  and 
showed  active  germinal  centers  containing  the  pyronin-staining 
cells  that  Fagraeus  and  other  Scandinavian  authors  interpret  as 
immature  plasm  cells,  and  which  most  authors  nowadays  regard 
as  the  source  from  which  circulating  antibody  is  derived.  It 
may  be  more  than  a  merely  superficial  resemblance  that  anti- 
body production  and  viral  infection  in  a  cell  give  remarkably 
similar  histological  appearances. 

There  is  another  type  of  experimental  approach  which  also 
points  strongly  to  the  significant  role  of  ribonucleic  acid  in  the 
process  of  virus  multiplication.  The  soluble  complement-fixing 
antigen  is  a  reagent  which  is  coming  to  take  a  key  position  in 
discussions  of  the  process  of  influenza  virus  multiplication. 
Briefly,  this  is  a  substance  found  in  tissues  infected  with  influ- 
enza virus  which  can  readily  be  separated  from  virus  by  absorb- 
ing the  latter  on  chicken  red  cells.  It  reacts  in  the  appropriate 
serological  test  with  blood  serum  from  a  man  or  animal  recently 
convalescent  from  influenza  and  is  recognized  and  titrated  by 
this  reaction.  It  is  a  specific  product  of  the  virus,  and  the  two 
important  species  of  influenza  virus  A  and  B  give  physically 
similar  but  immunologically  quite  distinct  antigens.  The 
antigen  is  present  in  small  amounts  in  the  virus  particles  from 
which  it  is  liberated  by  disintegrating  them  with  ether,  but 
very  much  larger  amounts  can  be  extracted  from  infected  host 
cells.  Its  great  theoretical  importance  lies  in  the  fact  that  it 
appears  early  in  the  process  of  cell  infection.  Hoyle  claims  that 
it  appears  a  full  hour  before  any  other  viral  product  is  detect- 
able, and  although  this  statement  has  been  challenged  I  feel  that 
the  weight  of  evidence  is  with  Hoyle. 

At  the  Hall  Institute,  Ada  and  Perry  have  made  some  prog- 
ress toward  purifying  complement-fixing  antigen  which  they 
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find  is  produced  in  highest  yield  in  the  lung  of  chick  embryos 
inoculated  by  the  amniotic  route.  In  confirmation  of  others 
they  find  the  antigen  can  be  sedimented  in  the  ultracentrifuge 
and  is  composed  of  or  is  carried  by  particles  approximately 
15  /X  in  diameter.  In  physical  and  chemical  characteristics 
the  particles  are  not  differentiable  from  those  making  up  the 
microsome  fraction  of  normal  embryonic  cells.  They  contain 
ribonucleic  acid  which  is  brought  down  in  specific  precipitates 
with  appropriate  immune  serum,  for  example,  that  of  mice 
convalescent  from  a  sublethal  infection.  The  work  is  in  an 
early  stage  and  further  developments  may  change  the  picture 
but  at  the  moment  Ada  and  Perry's  interpretation  is  that  rel- 
atively large  amounts  of  complement-fixing  antigen  are  pro^ 
duced  in  infected  cells,  that  it  is  physically  similar  to  the  micro- 
somes of  normal  cells  but,  unlike  them,  can  both  stimulate  the 
production  of  and  react  with  the  corresponding  antibody.  It 
is  as  if  microsomes  carrying  a  new  pattern  were  proliferating 
in  the  infected  cells. 

Conclusion 

I  have  probably  concentrated  unduly  on  one  or  two  aspects  of 
the  problem  that  have  particularly  interested  me,  but  in  trying 
to  summarize  the  present  position  I  shall  make  use  of  a  wider 
range  of  experimental  data  all  of  which  seems  to  point  in  the 
same  general  direction. 

At  the  fundamental  level  there  is  probably  not  so  much  dif- 
ference as  superficially  appears  between  the  multiplication  of 
a  virus  and  a  bacterium.  A  bacterium  is  said  to  multiply  by 
simple  fission,  but  nowadays  we  do  not  stress  the  simplicity  of 
the  process.  It  is  in  fact  inconceivably  complex  but  as  a  useful 
intellectual  approximation  we  may  divide  the  bacterium  into 
two  distinct  portions,  a  genetic  mechanism  and  a  soma,  the 
structure  and  functioning  of  which  is  under  the  control  of  the 
genes.  The  soma,  in  its  turn,  can  also  be  looked  at  from  two 
aspects.  In  the  first  place  it  is  responsible  for  all  those  interac- 
tions with  the  environment  which  allow  the  survival  of  the 
species;  in  the  second  it  provides  the  metabolic  machinery  to 
lead  in  the  material  building  stones  and  energy  needed  for  the 
replication  of  the  genetic  mechanism  and,  under  genetic  con- 
trol, for  the  construction  of  more  somatic  material. 
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If  we  accept  the  likelihood  that  a  virus-like  influenza  is  the 
diminished  descendant  of  some  ancient  bacterial  form,  the  essen- 
tial change  that  has  taken  place  may  be  simply  the  loss  of  the 
metabolic  somatic  function.  It  is  just  as  necessary  as  it  is  with 
a  bacterium  to  differentiate  the  somatic  part  of  an  influenza 
virus  from  the  genetic.  The  soma,  however,  has  dwindled 
until  it  is  little  more  than  the  enzymic-adsorptive  units  on  the 
virus  surface  with  their  necessary  support.  This  may  well  be 
all  that  is  needed  to  cope  with  the  viruses'  environmental  prob- 
lems. Once  in  the  host  cell  the  soma  is  discarded  and  the 
genetic  mechanism  in  one  way  or  another  utilizes  the  metabolic 
machinery  of  the  host  both  for  its  own  replication  and  for  the 
eventual  reconstitution  of  the  virus  soma.  The  outstanding 
problem  is  to  ascertain  the  nature  of  the  process  by  which  virus 
"genes"  can  make  contact  with  cell  components  and  deviate 
their  activity  to  the  synthesis  of  virus  substance.  I  am  tempted 
to  accept  a  modified  form  of  Hoyle's  hypothesis  and  believe  that 
in  the  complement-fixing  antigen  we  may  have  a  collection  of 
cell  units  onto  which  virus  genetic  patterns  have  been  applied. 
That,  however,  is  only  speculation  and  it  may  well  be  a  long 
time  before  we  can  provide  even  a  statement  in  morphological 
and  genetic  terms  of  what  is  really  happening  in  the  cell. 

There  are  two  lines  along  which  we  may  look  for  important 
advances.  The  genetic  approach  can  hardly  fail  to  be  of  im- 
portance. Nowadays  none  of  the  classic  aspects  of  biology, 
morphology,  biochemistry,  or  ecology  really  come  alive  until 
they  are  also  approached  from  the  genetic  angle.  I  shall  be  sur- 
prised if  this  does  not  hold  equally  for  virology  and  I  shall  be 
disappointed  if  we  cannot  gain  important  new  approaches  to 
the  somatic  qualities  of  influenza  viruses  by  pressing  on  with 
genetic  methods. 

The  other  direction,  in  which  we  may  look  for  progress,  is 
in  an  attack  on  the  nature  of  the  soluble  complement-fixing 
antigen.  If  the  idea  is  correct  that  the  antigen  is  essentially  a 
host  cell  component  bearing  a  virus  "pattern",  we  may  have  in 
our  hands  a  clue  to  what  most  biologists  would,  I  think,  agree 
is  the  central  problem  of  biological  chemistry — the  replication 
of  organic  pattern  within  the  ceU.  If  we  can  implant  at  will 
into  the  cell  new  patterns  to  which  the  cell  will  respond  by  the 
production  of  detectable  replicas,  we  should  possess  a  tool  of 
great  power. 
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I  have  spoken  throughout  as  if  influenza  virus  were  no  more 
than  a  laboratory  tool,  a  subtle  probe  with  which  to  explore  the 
finer  structure  and  functioning  of  the  living  cell.  It  would  not 
be  fitting,  however,  to  end  this  lecture  without  reminding  you 
that  influenza  virus  is  also  an  important  agent  of  disease.  It  is 
a  virus  which  even  in  1951  killed  heavily  amongst  the  old  people 
of  Europe  and  in  1918-19  generated  the  third  great  plague  of 
recorded  history.  Of  all  virus  diseases  influenza  is  probably  that 
in  which  mutational  changes  in  the  virus  are  of  greatest  human 
importance.  We  can  only  guess  what  type  of  virus  was  respon- 
sible in  19 18-19  and  what  changes  took  place  during  the  course 
of  the  pandemic.  But  even  in  the  period  since  the  human 
virus  was  first  isolated  in  1933  there  have  been  striking  changes 
in  the  immunological  character  of  both  influenza  A  and  B 
viruses.  Some  of  us  believe  that  the  influenza  virus'  chief 
means  of  survival  is  its  capacity  for  constant  mutation  to  new 
serological  patterns,  and  those  of  us  who  have  had  anything  to 
do  with  the  production  of  influenza  vaccines  know  very  well 
how  that  capacity  can  nullify  the  most  painstaking  work.  In- 
fectious disease  today  has  lost  most  of  its  terrors,  and  in  America 
at  least  the  peaks  of  mortality  that  always  mark  the  passage  of 
an  influenza  epidemic  are  becoming  smaller.  But  no  one  yet 
can  say  whether  or  when  we  shall  see  another  pandemic  out- 
break of  influenza.  Until  we  know  the  answer  to  that  question 
we  should  not  be  too  complacent  about  our  powers  to  deal  with 
acute  infectious  disease.  Even  the  most  academic-seeming  of 
investigations,  like  those  I  have  described,  may  one  day  become 
matters  of  life  or  death. 
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